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(54) Three prism color separator 

(57) A color separator using three joined prisms for 
color separation In projection displays. The configura- 
tion is compact, relatively simple to assemble, and elim- 
inates a requirement for complicated optical 
components such as crossed dichroic beam splitters 
and large retrofocus projection lenses. The configura- 
tion is particularly advantageous for projectors based 
upon liquid crystal, reflective ligtrt valves or spatial light 
modulators (SLM). A first prism has a dichroic coating 
on an interiace k>etween the first and a second prism 
which reflects one primary color and transmits the other 
two primary colors. The light path through the first prism 
has a second reflection (total intemal reflection) off the 
side of the first prism, and emerges normal to the third 
face of the first prism to a first SLM. The second prism 
has a dichroic coating at an interfoce of the second and 
a third prism which reflects one of the remaining two pri- 
itnary coiors and transmits the third primary color. The 
second primary color is reflected toward the thiid fece of 
the second prism and emerges normal to that surface to 
a second SLM. The tiiird color passes tiirough the third 
prism without any reflections and emerges normal to 
the surface of the third prism to a tiiird SLM. The three 
prisms are optically contacted and cemented to one 
another at a first int^ce between the first and second 
prisms and at a second interliace between the second 
and third prisms to form a single unit 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates generally to a three 
prism color separator, and more particularly pertains to 
a color separator using three joined prisms for color 
separation in projection displays. The configuration is 
compact, relatively simple to aseemtrfe. and eliminates 
a requirement for complicated optical components such 
as crossed dichroic beam splitters and large retrofbcus 
projection lenses. The configuration is particularly 
advantageous for projectors t>ased upon liquid crystal, 
reflective light valves. 

Discussion of the Prior Art 

Projection displays based upon reflective liquid 
crystal Jight valves (spatial light modulators) generally 
comprise dichroic beam splitters necessary for color 
separation and a polarizing beam splitter necessary for 
light valve operation, which are positioned between the 
light valves and the projection lens. 

In projection displays such as optical monitors, an 
Image from an active device, such as a spatial light 
modulator, is projected onto a screen at a desired mag- 
nification. As the size of the active device is decreased, 
a reflecting spatial light modulator (SLM) is required to 
obtain good contrast from trie system. For color images, 
images in three primary colors obtained from three spa- 
tial light modulators are simultaneously projected and 
superposed onto tiie screen. The optics used to gener- 
ate color images in this manner typically comprise a 
dichroic beam splitter, which is a color separation/com- 
bining prism set configured as a crossed dichroic cube, 
and a polarizing beam splitting cube. 

The color separation/combining prism set. and the 
polarizing beam splitting cube are positioned between 
the projection lens and tiie spatial light modulators, and 
the optical path through this assembly winds up being at 
least 150mm for a 35mm x 35mm spatial light modula- 
tor, and may be as large as 200mm depending upon the 
geometry of the optics. 

In addition, the spatial light modulators work most 
efficientiy with light being incident thereon at substan- 
tially normal incidence over a finite conical angle. The 
polarizing beam splitting cube must operate over the full 
visit3le spectrum and over this finite conical angle. This 
also constrains the projection lens to operate with light 
reflecting from the spatial light modulators in essentially 
a normal inddence mode, which amounts to having a 
projection lens which is designed for a telocentric mode 
on the SUM side and for a ratiier large working distance 
in glass. 

Such projection lenses are quite expensive, and 
may not be very practical because tiie required asym- 
metry results in a signif icantiy higher amount of residual 



lateral color, resulting from a lack of convergence of the 
tiiree primary color images, which varies linearly witfi 
position In ttie field. Essentially, the tiiree different wave- 
lengtiis of the three primary colors have slightly different 

5 magnifications resulting in chromatic aberration and an 
irnperiect overlap at the edges of the images. 

In such prior art projection displays, the two main 
limitations on the optical quality of the display image are 
tiie projection lens and the crossed dichroic cube. The 
to difficulty in tiie projection lens is in the required fong 
working distance (retrofocus). which must be long 
enough to enconpass the polarizing and color s^3ara- 
tion/ recombination optics. The complexity of design 
and fabrication of the projection lens and tiie degrada- 

is tion of its optical performance increases with the length 
of the working distance. 

The optical performance off the crossed dichroic 
cube must be very high quality for high resolution imag- 
ing. The crossed dfohroic cube typically consists of four 

20 subcomponents assembled together in one cubic unit. 
Two of the three optical paths in this cube involve imag- 
ing the light valves tiirough a split mirror without intro- 
ducing aberrations. The qrtical and mechanical 
tolerances required for assembly of the four subcompo- 

25 nents make the cost of fabricatiori of the crossed dich- 
roic cube prohibitive for many applications. 

Although the crossed dichroic cube is very difficult 
and costiy to manufacture, it provides the most oonpact 
optical configuration. Replacing the crossed dichroic 

30 cut>e with individual plate beam splitters or single-color 
beam splitter cubes only increases the working distance 
of the projection lens. The additional optics between the 
lens and the light valves makes the projection lens com- 
plicated and costiy, and may degrade its performance. 

35 The requirement for a large working distance is a partic- 
ular problem for relatively compact desk top displays 
since ttiey require lenses with very short lens-to-screen 
distances. 

A typical prior art camera prism assembly is difficult 
40 to manufacture as it requires three odd shaped prisms, 
with an air space being required between the first and 
second prisms. An air gap can introduce optical distor- 
tion, and in order to avoid optical distortion (astigma- 
tism) in high resolution displays, the air space should be 
45 urtiform and <10|tm. 

SUMMARY OF THE INVENTION 

Accordingly it Is a primary object of tiie present 
so invention to provide a tiiree prism color separator for 
projection displays. 

A further object of tiie subject invention is the provi- 
sion of a simplified tfiree prism color s^rationA-ecom- 
bination optical system for high performance projection 
55 displays using three reflective light valves. The simple 
optical system of the present invention eliminates much 
complexity and cost associated witii a crossed dichroic 
beam splitter cube and also with a longer retrofocus 
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projection lens required for alternative color separation 
configurations. 

In accordance with the teachings herein, the 
present invention provides an optical beam splitter In 
which a plurality of prisms form a cdor splitting prism s 
assembly which directs a plurality of color components 
into a plurality of different directions. The plurality of 
prisms are assembled with no air gaps in each of the 
light paths corresponding to each of the color compo- 
nents, between where the light enters the color splitting 10 
prism assembly and where each of the color compo- 
nents exits the color splitting prism assembly. 

In greater detail, an optical beam splitter directs a 
beam of light containing first, second, and third color 
components into first, second and third different direc- is 
tions. A first prism has a surface which reflects the first 
color in a first direction and transmits the second and 
third color components. A second prism has a surface 
which reflects the second color conrponent in a second 
direction and transmits the third color in a third direction. 20 
The first, second and third prisms are assentf)led to 
form an integral asi^ombly wherein the first second and 
third colors do not pa. i*> through an air space within the 
color splitting prism assembly. Preferat>ly. each of the 
first, second and third prisms comprise 30''-60*'-90'* 2S 
prisms for separation and/or recombination of three 
colors of light, red, green and tslue. 

The optical t>eam splitter can be combined with a 
polarizing beam splitter cube in a projection display 
comprising reflective light valves such as liquid crystal 30 
light valves, or can be confined with a CCD camera. 

In one emtxxliment. the three prisms are dis^milar 
prisms, with first, second and third optical paths, a first 
optical path without reflections, a second optical path 
with one reflection, and a third optical path with two 35 
reflections. The parity of the image is different in the 
three optical paths, with the first and the third optical 
paths having an even number of reflections, and the 
second optical path having an odd nunrd^er of reflec- 
tions. The difference in parity of the second optical path 40 
can be compensated for electronically by electronically 
reversing the sequence of information (pixels) in each 
line of scanning in the second optical patii. Thus if tiie 
tnfomiation (pixels) in the first and third optical patiis is 
being scanned from left to right, the information (j3ixBls) 45 
in the second optical path is reversed to scan from right 
to left, which results in a convergence of all three 
images. 

In greater detail, the three prism color separator 
includes a first prism with a dichroic coating on an inter- 50 
face between the first and a second prism. The coating 
reflects one primary color and transmits the ottier two 
primary colors. The light path through the first prism has 
a second reflection (total internal reflection) off the side 
of the first prism, and emerges normal to tiie third face ss 
of the first prism to a first 8LM. The second prism has a 
dichroic coating at an interface of the second and a tiiird 
prism which reflects one of the remaining two primary 
colors and transmits the third primary color. The second 



primary color is reflected toward the ttiird face of the 
second prism and emerges normal to that surface to a 
second SLM. The third color passes ttirough tiie third 
prism witiiout any reflections and emerges normal to 
the surfece of the third prism to a third SLM. The three 
prisms are optically contacted and cemented to one 
another at a first Interface between the first and second 
prisms and at a second interface between the second 
and third prisms to form a single integral prism unit. 
Three reflective SLM's are placed at the three light out- 
puts normal to the three light paths, and tiie reflected 
light retraces itself through the prism assembly to 
recombine the tiiree oolors. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing dsjects and advantages of the 
preserrt invention for a three prism color separator may 
be more readily understood by one skilled in the art witii 
reference being had to tiie following detailed description 
of several preferred emt)odiments thereof, taken in con- 
junction with the accompanying drawings wherein tike 
elements are designated by identical reference numer- 
als throughout the several views, and in which: 

Rgure 1 illustrates a somewhat simplified typical 
prior art embodiment of a three-light valve projec- 
tion display system; 

Rgure 2 illustrates an embodiment of a three prism 
color separator pursuant to tiie teachings of the 
present invention wherein one color path does not 
involve any ref lek:tions. a second color path involves 
one reflection, and a third color patii involves two 
reflections. 

DETAILED DESCRIPTION OF THE DRAWINGS 

Referring to the drawings in detail. Figure 1 illus- 
trates a somewhat simplified typical prior art emtxxli- 
ment of a three-light valve projection display system 1 0. 
The projection display system 10 includes tiiree liquid 
crystal reflective light valves (spatial light modulators) 
12 positioned on three surfaces of a crossed dichroic 
beam splitter cube 14. a polarizing tieam splitter ojtoe 
16. and a projection lens 18. White light illumination W 
is introduced into one face of the polarizing beam split- 
ter cube 16 which passes (reflects) one polarized com- 
ponent thereof into the crossed dfohroic t)eam splitter 
cube 14. The dichroic beam splitter cube 1 4 tfien sepa- 
rates tiie polarized white light into red, green and blue 
components. 

Each color component is incident upon a liquid 
crystal reflective light valve 12 which rotates tiie polari- 
zation of the light to produce tiie required image, in a 
manner as is known in tiie art. The three reflected per- 
pendicularly polarized images are then recombined in 
the dichroic beam splitter cube 14 and pass back 
through the polarizing beam splitter cube 16 to the pro- 
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jection lens 18. As illustrated at the bottom of Figure 1 , 
with this prior art approach the projectiDn lens 18 
requires a very large working distance (retrofbcus dis- 
tance). Replacing the dichroic beam splitter cube 14 
with individual plate beam splitters only increases this 5 
long retrofbcus distance. This required working distance 
makes it difficult to design projection lenses with short 
lens-to-screen distances, such as those required for 
desk top projection displays. 

In the operation of a typical prior art reflective liquid 10 
crystal light valve as illustrated in Rgure 1, s-polarized 
illumination is reflected by the polarizing beam splitter 
cube 16 and passed through the dichroic beam splitting 
cube 14 to illuminate the reflective liquid crystal light 
valves 12. Each pixel of each light valve is selectively is 
driven by a voltage to selectively rotate the polarization 
of the reflected radiation, such that the original s polari- 
zation that is selectively rotated by the light valve to p 
polarization is passed back through the polarizing beam 
splitter cube to the projecting optics. Ught of the original 20 
s polarization is. however, reflected by the polarizing 
beam splitter cube and discarded. Ught in these images 
returns to the beam splitter as p polarization from bright 
pixels and s polarization from dark pixels. 

The present invention provides a color separa- 2s 
tionArecombination arrangement for high performance 
projection displays using three reflective light valves, 
such as illustrated in Figure 1 . Figure 2 illustrates a sim- 
ple optical configuration of the subject invention which is 
based upon three right angle 30-60-90 prisms 22. 24 30 
and 26 assemt>led into one unit 20. along with a polariz- 
ing cube 28. 

The second and third prisms 24. 26 are of identical 
dimensions. The first prism 22 is a 30-60-90 prism also 
but is slightly smaller in size. The size of the first prism 3s 
22 is determined by tine size of the other two prisms 
according to the following relationship. The hypotenuse 
of the first prism is equal to tiie long side of the second 
and third prisms. These dimensions ensure that the 
optical path lengttis to and from all three ligfit valves 30. 40 
32 and 34 are identical. The three prisms are optically 
cemented together as illustrated in Rgure 2. 

The first and second interfaces 1 , 2 between the 
three prisms contain the multi-layer dielectric optical 
coatings which provide the color separation. Rgi^e 2 4$ 
illustrates one color separation an^angement wherein 
one color path therein does not involve any reflections, 
a second color path therein involves one reflection, €Uid 
a third color path therein involves two reflections. The 
optical patti of green (G) does not involve any reflec- so 
tions. the optical path of blue (B) involves one reflection, 
and the optical path of red (R) involves two reflections. 
The discussions herein use this exemplary embodiment 
although in otiier embodiments the R, G and B paths 
can be Interchanged using tiie proper optical dichroic ss 
coatings. 

As illustrated in Figure 2, the green light G in the 
green channel propagates straight through tfie tiiree- 
prism assembly to be incident upon tiie G light valve 30. 
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The blue light B in the blue channel involves a single 
reflection from the second interface 2. The red light R In 
the red channel reflects off the first interface 1 at 30 
degrees from its nornial. The coating on this first inter- 
face 1 is a dielectric coating which reflects red light and 
transmits blue and green light The red channel then 
includes a second reflection at 60 degrees from a nor- 
mal to the surface. This reflection can be eittier a total 
internal reflection in the glass or a reflection from an 
optical coating which transmits red, green and blue light 
at normal incidence, but reflects red light Incident at 60 
degrees from normal. 

The second interface 2 is between ttie second and 
third identical prisms 24, 26 cemented along their hypot- 
enuse as shown In Rgure 2. The optical coating on this 
second interface 2 reflects tiie blue light, but transmits 
tile green light. Accordingly, all tiiree colors G, B and R 
are incklent upon tiieir respective l^ht valves 30, 32 and 
34, and Mpon reflection from their respective light 
valves, tiie tiiree colors retrace their patiis tiirough tiie 
ttiree-prism assemtily and are reoombined to form a 
color image. 

In assembly, each prism is initially coated with a 
proper color separating dielectric coating as described 
above, and the three prisms are flien asseir^led and 
cemented together to form one unit as illustrated in Rg- 
ure 2. 

While several embodvnents and variations of tiie 
present invention for a three prism color separator are 
described in detail herein, it should be apparent that the 
disclosure and teachings of the present invention will 
suggest many alternative designs to tiiose skilled in the 
art. 

Claims 

1 . An optical beam splitter for directing a beam of light 
containing a plurality of odor components into a 
plurEdity of different directions comprising a plurality 
of prisms forming a color splitting prism assembly 
which directs tfie plurality of color components Into 
the plurality of different direc-tions. and said plural- 
ity of prisms In said color flitting prism asseir^y 
t>eing assembled witii no air gaps in each of tiie 
light patiis con^esponding to each of tiie color com- 
ponents between where each of the color compo- 
nents enters said color splitting prism assenrt)ly and 
where each of the color components exits said 
ootor splitting prism assembly. 

2. An optical beam splitter for directing a beam of light 
containing first, second, and third color components 
into first, second and third different directions, com- 
prising: 

a first prism having a surface which reflects the first 
color in a first direction and transmits the second 
and third color conrponents; 
a second prism having a surface which reflects tiie 
second color conponent in a second direction and 
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transmits the third color in a third direction: and 
a third prism wherein said first, second and third 
prisms are assembled to form a color splitting 
assembly wherein the first, second and third color 
components do not pass through an air space 5 
within said color splitting prism assembly. 



3. An optical beam splitter according to claim 2 
wherein each of said first, second and third prisms 
comprises a 30''-60**-90'' prism. 10 

4. An optical beam splitter according to claim 3. for 
separation and/or recombination of three colors of 
light, red, green and blue. 

16 

5. An optical beam splitter according to claim 2. in 
combination with a polarizing beam splitter cube in 
a projection display comprising reflective light 
valves. 

20 

6. An optical beam splitter according to claim 5, 
wherein said reflective light valves comprise liquid 
crystal light valves. 

7. An optical beam splitter according to daim 2, in 25 
combination with a CCD camera. 



8. An optical beam splitter according to claim 2, 
wherein the three prisms are dissimilar prisms, with 
first, second and third optical paths, a first optical 30 
path without ref lecticns. a second optical path with 
one reflection, aid a third optical path with two 
reflections. 



9. A three color separating/combining prism assembly 3S 
wherein the parity of the image is different in the 
three optical paths, with first and third optical paths 
having an even number of reflections, and a second 
optical path having an odd nuniber of reflections. 

40 

10. A tiiree color separating/combining prism assembly 
according to claim 9, wherein the different parity In 
the second optical path is compensated for elec- 
tronically by electronically reversing each line of 
scanning in the second optical patii. 4s 
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(54) Three prism color separator 

(57) A color separator using three joined prisms for 
color separation in projection displays. The oonfigura- 
tton is compact, relative!: simple to assemble, and elim- 
inates a requirenent for complicated optical 
components such as crossed dichrolc beam q3litters 
and large r^trofocus projection lenses. The configura- 
tion is particul€U'ly advantageous for projectors based 
Mpon liquid crystal, reflective light valves or spatial light 
modulators (SLM). Af irst prism (22) has a dichroic coat- 
ing on an interface (1) between the first and a second 
prism (24) which reflects one primary color and trans- 
mils the other two primary colors. The light path through 
the f ii St prism (22) has a second reflection (total internal 
reflection) off the side of the first prism, and emerges 
normal to the third face of the first prism to a first SiM 
(34). The second prfem (24) has a dichroic coating at an 
interiace (2) of the second and a third prism (26) which 
reflects one of the remaining two primary colors and 
transmits the third primary color. The second primary 
color is Reflected toward the third face of the second 
prism aibd emerges normal to that surface to a second 
SLM (32). The third color passes through the third prism 
(26) without any reflections and emerges normal to the 
surface of the third prism to a third SLM (30). The three 
prisms are optically contacted and cemented to one 
anottier at a first interiiace (1) between tiie first and sec- 
ond prisms and at a second internee (2) between the 
second and tiiird prisms to form a single unit. 
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